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Abstract

Objective: The objective of this study was to examine clinicians’ patient selec-

tion and result interpretation of a clinically validated mass spectrometry test

measuring amyloid beta and ApoE blood biomarkers combined with patient

age (PrecivityAD� blood test) in symptomatic patients evaluated for Alzhei-

mer’s disease (AD) or other causes of cognitive decline. Methods: The Quality

Improvement and Clinical Utility PrecivityAD Clinician Survey (QUIP I,

ClinicalTrials.gov Identifier: NCT05477056) was a prospective, single-arm

cohort study among 366 patients evaluated by neurologists and other cognitive

specialists. Participants underwent blood biomarker testing and received an

amyloid probability score (APS), indicating the likelihood of a positive result

on an amyloid positron emission tomography (PET) scan. The primary study

outcomes were appropriateness of patient selection as well as result interpreta-

tion associated with PrecivityAD blood testing. Results: A 95% (347/366) con-

cordance rate was noted between clinicians’ patient selection and the test’s

intended use criteria. In the final analysis including these 347 patients (median

age 75 years, 56% women), prespecified test result categories incorporated 133

(38%) low APS, 162 (47%) high APS, and 52 (15%) intermediate APS patients.

Clinicians’ pretest and posttest AD diagnosis probability changed from 58% to

23% in low APS patients and 71% to 89% in high APS patients (p < 0.0001).

Anti-AD drug therapy decreased by 46% in low APS patients (p < 0.0001) and

increased by 57% in high APS patients (p < 0.0001). Interpretation: These

findings demonstrate the clinical utility of the PrecivityAD blood test in clinical

care and may have added relevance as new AD therapies are introduced.

Introduction

The standard of care evaluation of adult patients present-

ing with symptoms of cognitive impairment includes a

review of the patient’s history, physical examination, neu-

rocognitive assessment, and structural imaging. However,

this approach lacks specificity for detecting the underlying

pathological basis of the clinical presentation.1 As a con-

sequence, misdiagnosis rates for Alzheimer’s disease (AD)

range from 30 to 50%.2,3 This level of diagnostic accuracy

is inadequate for determining treatment options as new

AD-specific therapies become available. Amyloid positron
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emission tomography (PET) scans and cerebrospinal fluid

(CSF) biomarkers substantially reduce misdiagnosis rates.4

However, their use is limited in routine clinical care due

to high costs, logistic complexities, and patient burden.

Nearly 60 million people residing in rural areas may not

have access to such medical innovations, and African

Americans have lower rates of PET scan use, despite AD

prevalence rates ~1.5–2 times higher than non-Hispanic

Whites.5,6 Therefore, a significant medical need exists for

safe, less resource-intensive, and broadly available testing

that identifies the presence or absence of brain amyloid

plaques, a pathological hallmark of AD.7 Such testing

would facilitate more timely AD diagnosis and help guide

clinicians in their use of current and emerging anti-AD

therapies as well as aid in ruling out AD to allow for

other diagnostic considerations. Blood biomarkers

(BBMs) offer advantages over PET imaging and CSF bio-

markers, potentially fulfilling these unmet needs.8

The PrecivityAD� blood test is a validated laboratory

developed test (LDT) performed in a Clinical Laboratory

Improvement Amendments (CLIA)-certified, College of

American Pathologists (CAP)-accredited laboratory facil-

ity (C2N Diagnostics, St. Louis, MO). The test relies on

high-resolution mass spectrometry to analyze biomarkers

in the peripheral blood to help clinicians evaluate the

likelihood of brain amyloid in patients with symptoms of

mild cognitive impairment or dementia. The PrecivityAD

blood test quantifies an individual’s plasma Ab42/40 ratio

and identifies apolipoprotein E isoform-specific peptides

(ApoE proteotype) to infer APOE genotype by mass spec-

trometry. An algorithm combines Ab42/40 ratio, ApoE

proteotype, and age variables to derive the amyloid prob-

ability score (aps), the PrecivityAD blood test read-out.

The APS is reported as a result from 0 to 100 and further

categorized as low (0–35), intermediate (36–57), and high

(58–100), corresponding to the likelihood of brain amy-

loid positivity on an amyloid PET scan.9

In a clinical validity study of 686 patients derived from

the plasma test for amyloidosis risk screening (PARIS)

study (a subset of the IDEAS Study) (ClinicalTrials.gov

Identifier: NCT02420756) and the MissionAD study

(ClinicalTrials.gov Identifier: NCT02956486), the Precivi-

tyAD blood test showed 92% sensitivity and 77%

specificity.10 In addition, the test had a negative predictive

value (NPV) of 86% and a positive predictive value

(PPV) of 86% in a population with 60% prevalence of

brain amyloid as determined by amyloid PET imaging,

when the intermediate score category of patients (14% of

participants) were excluded. A more recently published

analysis based on an independent cohort of participants

from the Australian Imaging, Biomarker & Lifestyle Flag-

ship Study of Ageing (AIBL) demonstrated that the Preci-

vityAD blood test with its validated, established cutoff

values maintained high diagnostic accuracy for identifying

the presence of absence of brain amyloid plaques.11 In

addition, two recent studies that evaluated the combina-

tion of plasma Ab42/Ab40 and APO Ee4 as well as the

BBM combination plus age showed high correspondence

with amyloid PET and provided Class II evidence that

plasma Ab42/Ab40 levels accurately determine amyloid

PET status.12,13

While the clinical validity of the PrecivityAD blood test

has been demonstrated, changes in clinical decision-

making (clinical utility) associated with the test and test

results have not been reported. The objective of this study

was to assess clinicians’ patient selection for the Precivi-

tyAD blood test as compared to its intended use criteria

as well as clinicians’ interpretation of the test result, the

APS, through clinician surveys.

Methods

Study participants

The PrecivityAD blood test is intended for use in patients

aged 60 and older with signs or symptoms of mild cogni-

tive impairment or dementia undergoing evaluation for

AD or other causes of cognitive decline. The indication for

use for the PrecivityAD blood test is to aid healthcare

providers in determining the presence or absence of brain

amyloid plaques in the evaluation of cognitive impairment.

Participating patients were selected largely on the basis

of convenience sampling among academic cognitive cen-

ters and large community-based clinical neurology prac-

tice sites. The eligibility criteria for the study reflected the

real-world use of the PrecivityAD blood test that was

offered to patients who fit its intended use as described

above. The projected sample size was 300 patients.

Clinicians recruited for this study included neurologists

or other cognitive specialists in the United States who are

part of a practice that sees at least 50 patients per week

and devotes at least 25% or more of their time to the

evaluation of patients with cognitive impairment. The

study clinicians had full discretion on the selection for

patients for BBM testing and subsequent decisions on

patient management.

Study design

A clinically and analytically validated mass spectrometry

blood test and an algorithm combining Ab42/40 ratio,

ApoE proteotype and age (PrecivityAD blood test)

variables yielding the APS has been previously

described.9–11,14 The main validation paper was focused

on a cohort study that included analysis from two indepen-

dent cross-sectional cohort studies: the PARIS study, a
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prospective add-on subset (n = 249) to the Imaging

Dementia–Evidence for Amyloid Scanning study (Clinical-

Trials.gov Identifier: NCT02420756) as well as the cohort

(n = 437) of the MissionAD study (ClinicalTrials.gov Identi-

fier: NCT02956486) who underwent amyloid PET testing.

The reference standard used in this analysis was the presence

or absence of brain amyloid on amyloid PET scan. Blood

sample and demographic information were used to derive a

logistic regression model incorporating Ab42/40 ratio, ApoE

proteotype, and age yielding an AUC of 0.88 (95% CI, 0.85–
0.91) and accuracy of 81% (95% CI, 78–84%). The output of

this logistic regression model was the APS.

The following APS categories were prespecified and

defined as follows: low APS (0–35), consistent with a neg-

ative amyloid PET result and a low likelihood of amyloid

plaques; intermediate APS (36–57), not consistent with

the positive or negative amyloid PET result; and high

APS (58–100), consistent with a positive amyloid PET

result and a high likelihood of amyloid plaques. Exclud-

ing intermediate data points resulted in APS performance

with sensitivity of 92% (95% CI, 88–95%) and a specific-

ity of 77% (95% CI, 71–81%).10

The Quality Improvement and Clinical Utility Precivi-

tyAD Clinician Survey (QUIP I) study (ClinicalTrials.gov

Identifier: NCT05477056) was designed as a prospective,

single-cohort quality improvement study and survey to

assess patient selection and result interpretation of the

PrecivityAD blood test by clinicians in patients with

symptoms of mild cognitive impairment or dementia.

The study received an exemption determination from a

central Institutional Review Board (IRB) (Advarra,

Columbia, MD). Under this exemption, written informed

consent for study participation was not required from the

cognitive specialist or the patient participant. This study

followed the CONSORT reporting guideline.

Neurologists and other cognitive specialists received

education on the intended use of the PrecivityAD blood

test as well as the APS result and APS categories. Upon

test ordering, patient blood samples were collected and

sent to the C2N laboratory for analysis. This LDT is com-

mercially available in 49 states and has its FDA oversight

through CLIA regulations.15 The APS result (0–100) as

well as the APS category were reported on each test, and

the test results were reported back to the study clinicians

by dedicated fax line.

Following the receipt of each patient’s test result, the

participating clinicians completed an online survey. This

survey asked the clinicians for their assessment of pretest

and posttest probability of AD diagnosis as well as clinical

management plan for each patient. Patient demographic

information (sex at birth, age, ethnicity, and race) along

with symptomatic status were also collected. The clinician

survey data were aligned with the clinical laboratory test

result generated from the PrecivityAD blood test result by

an accession ID: a unique study identification number

was then assigned.

Study outcomes

Patient selection was evaluated in terms of concordance

of clinicians’ test ordering with the intended use criteria

of the PrecivityAD blood test. Score interpretation of the

PrecivityAD blood test result was evaluated in terms of

changes in clinician-reported pretest and posttest proba-

bility of AD (0–100%) as well as AD drug therapy (acetyl-

cholinesterase inhibitors and memantine) pretest and

posttesting as reported on the clinician survey. Distribu-

tion of APS results across the three previously described

categories of low (0–35), intermediate (36–57), and high

(58–100) APS were evaluated. Qualitative outcomes

including clinician impressions following BBM testing

were recorded.

Statistical analysis

Participant demographics and disease characteristics were

described by summary statistics (e.g., mean and standard

deviation for continuous variables such as age as well as

percentage for categorical variables such as sex). Summary

statistics of the survey data were provided for different

subgroups (e.g., APS categories), which were compared

by hypothesis test methods using paired t-test and chi-

squared test methods. The relationships between APS and

clinician-reported pretest and posttest probability of AD

were fitted using linear models, and the associations were

evaluated with Pearson correlation coefficients provided.

All hypothesis testing was two-sided, and a p-value < 0.05

was considered statistically significant. All data analyses

were performed using R 4.2.2 software.16

Results

Study participants

Patients

A total of 366 patients received PrecivityAD blood testing

as part of this initiative from March 2021 to September

2022. The final analysis cohort included 347 patients,

which translated to 95% (347/366) concordance with the

intended use of the PrecivityAD blood test. Reasons for

exclusion were use of the test outside of the intended use,

including patients below the age of 60 (n = 16) and

patients without symptoms (n = 3) (Fig. 1). The final

analysis cohort of 347 patients included patients who had

a median age of 75 years old and were 56% female and

90% White (Table 1).
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Clinicians

A total of 29 neurologists and 14 other cognitive special-

ists (geriatricians, geriatric psychiatrists, others) from 15

sites (10 academic medical centers and 5 private medical

group practices) were included. Clinicians returned survey

information on pretest and posttest evaluations of each

patient’s AD diagnosis probability and management plans

for 100% (347/347) of the final analysis cohort. The mean

time for survey completion by the clinicians was reported

to be 6 minutes.

APS results

APS results from the PrecivityAD blood test were

returned to the clinician for 100% (347/347) of the final

analysis cohort, with a median turnaround time of

Figure 1. CONSORT diagram with patient blood sample and clinician survey flow. A total of 366 patient blood samples were received. A total of

347/366 (95%) patients met the intended use criteria for the test and were included in the final analysis. Clinicians completed 347/347 (100%)

of surveys matched to these patient blood samples.

Table 1. QUIP I study demographics: Final analysis cohort.

Summary statistics

Number of patients (N = 347)

Age (years)

Mean (SD) 74.4 (6.5)

Median [min, max] 74.8 [59.7, 90.8]

Gender, n (%)

Female 194 (55.9%)

Male 153 (44.1%)

Race, n (%)

Asian 12 (3.5%)

Black or African American 22 (6.3%)

White 313 (90.2%)

Ethnicity, n (%)

Hispanic or Latino 7 (2.0%)

Not Hispanic or Latino 340 (98.0%)

Cognitive impairment, n (%)

Yes 347 (100.0%)
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14 days. The median APS for the overall cohort was 51,

with a range of 0–100. Using the prespecified APS result

cutoffs, 38% (133/347) of patients had low APS, 15%

(52/347) had intermediate APS, and 47% (162/347) had

high APS.

Alzheimer’s disease probability pre- and
post-PrecivityAD testing

A marked shift in distribution of clinician-reported prob-

ability of AD diagnosis occurred after the APS results

were reported, with a separation of the curve into

clinician-reported probability of AD concentrated in the

low and high probability range (p < 0.0001) (Fig. 2).

Comparison testing did not reveal any evidence of

heterogeneity across the clinical practice study sites or

across clinicians for any study outcomes.

The concordance between APS with clinician-reported

probability of AD differed pre- and post-PrecivityAD

blood testing (Fig. 3). Clinician-reported pretest probabil-

ity of AD had a weak positive correlation with APS (Pear-

son correlation coefficient of 0.35, slope of 0.21,

p < 0.0001), while post-test probability of AD had a

strong positive correlation with APS (Pearson correlation

coefficient of 0.88, slope of 0.97, p < 0.0001).

The changes in clinician-reported probability of AD on

an individual patient basis were well aligned directionally

with the APS results (Fig. 4C). The mean clinician-

reported probability of AD changed pretest to posttest

from 58% to 23% (Low APS group), 64% to 52%

Figure 2. Change in distribution of clinician-reported probability of Alzheimer’s disease (AD) pre- and post- PrecivityAD blood testing. Clinician-

reported probability of disease is reported in percentage. Pre-test probability (figure on left) was derived from the clinician survey to reflect

probability of AD before PrecivityAD testing. Post-test probability (figure on right) was derived from the clinician survey to reflect probability of

AD after PrecivityAD testing. Data were analyzed using t-tests.
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(Intermediate APS group), and 71% to 89% (High APS

group), respectively (p < 0.0001 for all APS groups).

Alzheimer’s disease drug therapy pre- and
post-PrecivityAD blood testing

Overall, 33% (116/347) of patients had planned changes

in their AD drug therapy. The changes in AD drug ther-

apy on an individual patient basis were well aligned direc-

tionally with the APS results (Table 2). Among patients

with low APS, the overall use of AD drug therapy

decreased significantly pretesting to posttesting from 48%

(64/133) to 26% (34/133), representing a 46% relative

decrease (p < 0.0001). In patients with High APS, the

overall use of AD drug therapy increased significantly

pre- to post-testing from 56% (91/162) to 88% (142/

162), representing a 57% relative increase (p < 0.0001).

There was a non-significant change in the use of AD

drugs in patients with Intermediate APS from 50% (26/

52) to 40% (21/52) pre- to post-testing (p = 0.431).

Clinician impressions following PrecivityAD
blood testing

Selected qualitative data from the clinician survey high-

light the changes in clinician-reported probability of AD

as well as changes in patient management associated with

the APS results (Table 3). Clinicians reported value in

APS results in both the Low APS and High APS

categories.

Figure 3. Correlation between APS and clinician-reported probability of Alzheimer’s disease (AD). Clinician-reported probability of disease is

reported in percentage. Amyloid Probability Score (APS) from PrecivityAD blood testing is reported as a score from 0 to 100. The pre-test

probability for each patient is represented as a red dot, and the red line represents the best fit line showing correlation between APS and pre-test

probability of AD. The post-test probability for each patient is reported as a blue dot, and the blue line represents the best fit line showing

correlation between APS and post-test probability of AD. Pearson correlation coefficients are presented.
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Discussion

Blood biomarkers offer the potential for simple-to-obtain

and scalable testing to support clinicians in the diagnosis

of AD. The 2022 EU/US Clinical Trials on Alzheimer’s

disease (CTAD) Task Force report stated that BBMs have

the potential for being more accessible and cheaper (less

invasive, time-intense, costly, infrastructure-dependent,

and resource requiring) than PET and CSF biomarkers.3

Furthermore, BBMs may provide additional value in the

diagnostic assessment of cognitively impaired patients

presenting to cognitive specialists through changes in clin-

ical diagnoses, improved diagnostic confidence, and

Figure 4. Clinician-reported pre- and post-test probability of Alzheimer’s disease (AD) by Amyloid Probability Score (APS) category from

PrecivityAD blood testing. Clinician-reported probability of disease is reported in percentage. Blue lines indicate a decrease in reported probability

of AD from pre-test to post-test. Red lines indicate an increase in reported probability of AD from pre-test to post-test. APS groups are defined by

APS results from PrecivityAD blood testing as Low (0–35) (A), Intermediate (36–57) (B), and High (58–100) (C). Data were analyzed using t-tests.

Table 2. Changes in AD drug prescribing pre- and post-PrecivityAD

blood testing.

APS category

AD drug use

p-value

Relative change

from usual carePre Post

Low

(n = 133)

64 (48%) 34 (26%) <0.0001 46% decrease

Intermediate

(n = 52)

26 (50%) 21 (40%) 0.431 20% decrease

High

(n = 162)

91 (56%) 142 (88%) <0.0001 57% increase

Overall 181 (52%) 197 (57%) 0.253 10% increase
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changes to patient management. According to this report,

BBMs may improve detection, diagnostic accuracy,

patient-centered autonomy and empowerment, and better

overall care. The FDA’s recent accelerated approval of

lecanemab on the basis of amyloid reduction adds further

to the urgency of the development of such BBMs in the

real-world setting.17

A blood test assessing brain amyloid pathology to aid

clinicians in the evaluation of patients with symptoms of

cognitive impairment should have three important

properties.18 First, the biomarker should show the appli-

cation of 3R’s in its development: AccuRacy (solid clinical

performance characteristics in the intended use popula-

tion), Robustness (consistency with use of pre-specified

cutoffs) and Regulation (demonstration of analytical and

clinical validity). Second, the test should be simple to use

and interpret, non-invasive, and easily accessible to clini-

cians and patients to help diagnose AD. Third, such a test

should be able to rule out and rule in brain amyloid and

influence clinical decision making around diagnosis as

well as management strategies.1,19,20 As observed in this

study, the PrecivityAD blood test and the APS result

showed evidence of all these key features.

The study results presented here show the promise of

PrecivityAD blood test results to change patient manage-

ment. Building on previous studies of clinical validity of

the PrecivityAD blood test, this study showed clinical

utility of the PrecivityAD blood test in its association

with changes in clinician decision-making around AD

diagnosis probability and drug therapy management in

patients evaluated for mild cognitive impairment or

dementia. Clinicians reported Low APS patients to have a

lower AD probability post-test and were less likely to man-

age these patients with AD drug therapy, consistent with

ruling out AD. Clinicians reported High APS patients to

have a higher AD probability post-test and were more

likely to manage these patients with AD drug therapy, con-

sistent with ruling in AD. Among the 347 patients, 85%

(295/347) had clinically useful Low or High APS results.

The study findings of change in AD drug therapy

closely parallel those seen in the large, real-world studies

of clinical utility of amyloid PET scans and CSF

biomarkers.21–24 In the ABIDE study of 507 patients with

cognitive impairment evaluated at VU University Medical

Center in North Holland, 24% of patients had a change

in treatment post-amyloid PET scan, mostly related to

additional investigations and therapy.25 As reported by

Rabinovici and colleagues from the US-based IDEAS

Study, among patients with positive amyloid PET scan

results, the overall use of AD drugs in the population

increased by ~50–100%.26

While the role of brain amyloid in the development of

AD has been disputed in the past, the findings of the

CLARITY-AD (lecanemab) and TRAILBLAZER-ALZ 2

(donanemab) studies shine a new and favorable light on

this topic.27,28 In the CLARITY-AD study, the anti-

amyloid antibody lecanemab resulted in a significant

reduction in amyloid plaques and a slowing of clinical

decline.27 The observed brain amyloid reduction as mea-

sured by quantitative amyloid PET correlated with clinical

benefit and disease-modifying effects as well as dynamic

changes in plasma BBMs used to assess lecanemab treat-

ment effects. In both the CLARITY-AD and lecanemab

201 Phase 2 studies, plasma concentrations of Ab42 and

Ab40 as well as the ratio of plasma Ab42/40 were mea-

sured using the same immunoprecipitation/liquid

chromatography-mass spectrometry/mass spectrometry

(IP/LC–MS/MS) technology assay used in our Precivi-

tyAD blood test.27,29 In the TRAILBLAZER-ALZ 2 study,

donanemab slowed clinical decline by 35% compared to

placebo and resulted in 40% less decline in the ability to

perform activities of daily living.28

We note several limitations regarding the study design

and results reported here. First, the effects of the pro-

posed clinical action plan on clinical outcomes were not

directly evaluated; however, an accurate diagnosis of mild

cognitive impairment and early AD through the use of a

BBM test can help facilitate the prescribing of drug ther-

apy, which has been shown to improve patient outcomes

on several domains.27,28 Second, the study design

included a single study cohort and no control group;

therefore, only associations rather than causations

between the PrecivityAD blood test’s output, the APS

result, and changes in AD diagnosis probability and drug

Table 3. Clinician impressions following PrecivityAD blood testing.

High APS Low APS

“Did PrecivityAD in place of lumbar

puncture since patient is on

xarelto; if Precivity AD was not

positive for AD, then would

proceed with LP and stop xarelto

beforehand - but these results

make the LP unnecessary”

(APS 94)

“Getting Precivity has allowed me

to treat him and get him stable

on a cholinesterase inhibitor in

anticipation of clinical trial

screening where he will get

amyloid PET” (APS 90)

“Would never have been able to

determine amyloidopathy in this

complicated pt without biomarker

testing” (APS 76)

“Patient will be weaning off

donepezil, working more on

her depression and anxiety

with her pcp” (APS 13)

“Stop donepezil” (APS 4)

“Completely changed

management from treatment

for possible Alzheimer’s

disease to more aggressive

treatment of profound

depression and possible Lewy

body disease” (APS 2)

ª 2023 C2N Diagnostics and The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association. 1745

M. Monane et al. Blood Biomarker Evaluating Cognitive Impairment



therapy can be made. Third, we used the APS result

rather than amyloid PET scan findings as the measure of

truth here to define brain amyloid; however, we have pre-

viously shown the clinical validity of the PrecivityAD

blood test and APS result in evaluating the presence or

absence of amyloid plaque. Lastly, there was an underrep-

resentation of non-White populations in this study,

although previous studies have highlighted the clinical

validity of the PrecivityAD blood test across African

Americans and non-White Hispanics.30

In conclusion, while previous studies have demonstrated

that the use of amyloid PET and CSF biomarkers are asso-

ciated with changes in clinician-reported probability of AD

diagnosis as well as changes in AD drug therapy, this study

is among the first to show clinical management changes by

cognitive specialists using a BBM test assessing the presence

or absence of brain amyloid among symptomatic patients

being evaluated for AD or other causes of cognitive

decline. Larger trials with longer follow-up are warranted

to further explore the effect of the PrecivityAD blood test

results on changes in diagnostic and management strategies

as well as patient outcomes.
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